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Previous work in our laboratory revealed a new type of  (4+3) cycloaddition that 
proceeds via an oxyallyl-type cation producing hard to synthesize 7-membered rings.1 
This synthetic method is very useful in the field of  natural product (NP) synthesis since 
many of  these small molecules contain furan fused cycloheptenes or straightforward 
synthetic derivatives thereof. The scope of  this conversion has already been  
demonstrated using simple furfuryl alcohols and 1,3-dienes.  
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II. Preparation Precursors 
 
 
Herein, we present a new and efficient route towards (+/-)-frondosin B and two analogs 
of  (+/-)-liphagal, displaying all successes and mishaps. This approach has value in terms of  
shortness and selectivity. Although only sub-mg amounts of  (+/-)-O,O’-dimethyl-liphagal 
were obtained, proper amounts of  5-epi-liphagal (30  mg) and (+/-)-5-epi-(6R)-
hydroxyliphagal (6.5 mg) were isolated and characterized. Including, determination of  the 
absolute stereo chemistry supported by XrD-measurements on a key intermediate (7).  
V. Determination of  Absolute Configuration 
 
 
(a) NaH, (MeO)2CO, toluene, reflux, 2 h, (b) SnCl4, DCM, reflux, 2 h, cool down overnight, (c) NaBH4, MeOH, 0°C, 2 h, (d) PPh3, DIAD, THF, rt,  
12 h, (e) iBu2AlH, hexane, -78°C, 2 h, (f) MnO2, DCM, rt, 2 h, (g) PPh3=CH2, THF, -78°C, (h) NaH, THF, reflux, MeI, 0°C to rt, 3 h, (i) CH2=CHMgBr, 
THF, reflux, 3 h, (j) CuSO4, hexane, reflux, Dean-Stark, 10 h, (k) BBr3, DCM, -78°C, 2 h, (l) acetone, K2CO3, reflux, 6 h.  
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I. Discovery 
 
A more recent study aimed at synthesizing more elaborate 
polycycles containing cyclohepta[b]furan substructures, those 
one often finds in NPs. We envisaged a total synthesis for 
frondosin B and liphagal as obvious targets for our method,2 
also the latter NP was identified as inhibitor for one isoform of  
the phosphatidylinositide 3-kinase (PI3K) enzyme and had 
already been the subject of  research.4 Herein, we present a full 
account of  our investigations towards a new and short synthesis 
of  (+/-)-frondosin B and (+/-)-5-epi-liphagal. 
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III. Frondosin B 
 
IV. Liphagal 
Conclusion 
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Longer route is  
more practical! 
Obtained overall yield: 48% 
 
Shorter route, however purification over 
argentated silica is necessary! 
Obtained overall yield: ~35% 
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b  74% 
                 
         
~5% 
serendipitiously 
removed using 
2-mercapotethanol 
and AIBN under 
reflux cond. 
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X = CH2OCH2CH3 or CH3 
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in EtOH ~20% 
in CF3CH2OH ~80% (not observed) 
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molecule behaves 
coalescent at ambient  
temperature 
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no deoxygenation 
via Wolf-Kishner 
cond. 
 
g  74% 
                  
         
no hydrogenation  
using diimide  
reduction 
cond. 
 
 
XrD revealed a centro-
symmetric 
space group (C2/c) 
and gave conclusive 
proof  of  abs. 
configuration 
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TiCl4, 14-26% (2:5:1 dr) 
FeCl3.6H2O, 10-16% (1:0:0 dr)c 
TFA, 35% (1:0:0)c 
20-30% 
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~75% (3:1) 
(a) Various Lewis-Acids in DCM, TiCl4,-78°C to -10°C; FeCl3.H2O, 0°C to rt; TFA, -78°C to -25°C, (b) BBr3, DCM, -55°C to 0°C over 45 min, 
quenched with CH3CN:H2O 6:1, (c) present as racemic mixture. 
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(5) R = H 
(6) R = OCH3 
3 5 
+ 4 6 
a) TFA, DCM, -78°C to -25°C, 2 h, (b) TMEDA, nBuLi, 0°C, 1 h, DMF (10 equiv.), 30 min rt, (c) Pd/C, EtOH or CF3CH2OH, H2, 2.5 h, rt (d) BBr3, DCM, -55°C to 0°C, 
45 min, (e) BH3-THF, THF, 1 h, 0°C, NaOH, H2O2, 30 min, (f) nBuli, THF, MsCl, 0°C, KOtBu, reflux, (g) DME, NaOAc, TsN2H3, H2O, reflux, 4 h, (h) Pd/C, EtOAc, H2, 
rt, 2.5 h, (i) DCM, Dess Martin Periodinate, 2 h, rt, (j) THF, TsN3H3, pTsOH (cat.), mol. sieves, reflux, 1 h, (k) PtO2, EtOAc, rt, 2.5 h, (l) LiAlH4, THF, rt, 1 h. 
(7) 
O
HO
HO
CHO
H
(+/-)-frondosin B 
O
HO
(+/-)-5-epi-liphagal 
Measurements were made possible by the Hercules Foundation (project AUGE/11/029 "3D-SPACE: 3D Structural Platform 
Aiming for Chemical Excellence")  
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During investigations towards a total 
synthesis of  rameswarelide, an intriguing 
conversion was notified.3 Interestingly, 
the predicted hydrolysis induced cascade 
reaction follows a different pathway, in 
such a way, a useful furan[b]heptene 
motif  is formed.  
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